Ecosystem services provide various benefits to human beings, but are considered to be free of cost.
I. Introduction
Ecosystems provide various benefits to human beings such as providing and regulating air, water, natural resources, and habitat for wildlife and those benefits are called as ecosystem services (Daily, 1997) . Given the increasing awareness of ecosystem services and their actual benefits, many previous studies have emphasized the importance of preserving ecosystems to sustain the well-being of humans, as well as natural environments (MA, 2005) . However, many developing countries have experienced difficulties with ecosystem preservation, due to increasing demands from economic development, and a lack of funding allocated towards ecosystem protection (Porras et al., 2008;  수문학적 생태계 서비스를 고려한 북부베트남의 우선보전산림 설정 McElwee, 2012) .
When the Payment for Ecosystem Services (PES) policy was proposed, it was considered to be a win-win policy to meet the goal of ecosystem conservation, and to support the opportunity costs of economic development (McElwee, 2012) . The framework of the PES policy is to provide incentives to landowners for conserving their ecosystems and ecosystem services by collecting a fee from the service users. This policy has been intensively implemented in developing countries over the last decade (Porras et al., 2008) .
Therefore evaluating current ecosystem services and their sources in a quantified manner is of increasing importance for policy makers and stakeholders. Such an evaluation can help prioritize the regional management of natural resources with limited financial resources and to develop circumstances under which the exchange or compensation of ecosystem services at a market can be monetarily achieved (Chan et al., 2006; Egoh et al., 2007; Fisher et al., 2008) .
Vietnam is a pioneering Asian country that adopted the PES policy in early 2000, after suffering severe forest loss and degradation (Meyfroidt and Lambin, 2008) However, ecosystem service quantification has not yet been thoroughly assessed and the grounds for PFES site designation is unreliable. The lack of systematic grounds for assessing and valuing ecosystem services makes it difficult to persuade ecosystem service payers. In addition the collected money is not distributed properly due to a lack of information regarding the policy of compensation for providing ecosystem services .
In this study, we focused on two hydrological ecosystem services, water supply and sediment retention, which are especially important in mountainous northern Vietnam due to the steep topography, high precipitation, and inappropriate land use in that region. Also, these hydrological ecosystem services are included in the PFES law In this study, we evaluated priority forest areas by assessing the two ecosystem services in a quantitatively and spatially explicit way to support the current PFES scheme in Vietnam.
II. Study site
Northern Vietnam is located in a subtropical, humid, monsoon climate region. It exhibits distinct seasonal differences between dry and wet seasons and more than 80% of the total annual precipitation falls during the wet season from May to October (Castelletti et al., 2012) .
Soils show a high erosion rate and soil organic UTM zone 48N and missing data stripes in ETM+ images were filled with a triangular de-stripe function in ENVI 4.5. To maximize the phenologic differences in the most prevalent land cover types, evergreen forests and croplands (Yu et al., 2013;  GlobCover 2009), the driest month and the most humid month were collected under conditions of lesser cloud cover.
According to the supervised classification used in ENVI 4.5, the land cover was classified with consideration of both dry and wet seasons. Land cover classes were referenced from GlobCover 2009 (Arino et al., 2012) , and the classification difference between forest and shrub was omitted due to the technical limitations of spectral classification and the dissimilar definitions of forests and shrubs (Yu et al., 2013 ). An accuracy assessment was conducted after FROM-GLG-seg, which was developed on a multi-source dataset that included Landsat TM/ETM+, MODIS, and DEM on a global scale (Yu et al., 2013) .
Secondly, the estimation of ecosystem services was conducted using a water balance theory to estimate water supply quantities, and a Universal Soil Loss Equation (USLE) (Wischmeier and Smith, 1978) for sediment retention. In the developed water balance theory, the water supply service can be estimated by subtracting evapotranspiration The results were then overlapped exclusively for forest/shrub land cover.
IV. Result and Discussion
The land cover was classified into seven share borders with Lao PDR, showed poorer forest cover than previously known land covers.
The overall accuracy of the land cover map was 54.6%, showing that most of the errors were captured between forests in the reference map and other classes in this study. As a large number of pixels were overestimated as forests in the FROM-GLC-seg map, we can assume to be a result of limited Landsat data that only covered wet seasons (Yu et al., 2013 ; Appendix 1). For the forest/shrub class, the producer's accuracy was 58.6%, and the user's accuracy was 95.0% (Appendix 2), proving that the forest/shrub classes in this study are reliably 
V. Conclusion
One of major obstacles in implementing a payment scheme for ecosystem services is the uncertainty in ecosystem functions. Due to the ecosystem complexities, it is difficult to quantify the amount of provided services and to identify their spatial distributions for policy implementation (Chan et al., 2006; Fisher et al., 2008) .
A spatially explicit quantification could enable local governors and forest managers to ascertain which regions should be managed first, and which landowner should be compensated for providing ecosystem services to meet a benefit sharing. In addition, it provides a logical ground to persuade enterprises who participate in the payment scheme to pay for these benefits. Currently in Vietnam, financial compensation through the PFES is limited to a few public enterprises and private companies. Therefore, estimating ecosystem services with a quantitative method in a spatially explicit way is of increasing significance for implementation of the PFES policy on a national scale for Vietnamese policy makers.
In this study, we suggested priority forest areas with two major hydrological ecosystem services, using a recent land cover map and a long-term averaged dataset in the Da River basin, northern
Vietnam. The Da River basin is important because of its role as a major source of water to 5 million people living in Hanoi, but poor management is leading to the gradual degradation of the river basin. As it hosts two of the largest dams in the country, the Da River basin has a high potential for service payers in the PFES policy, such as water supply companies and hydroelectric plants (Nguyen et al., 2013) . The results of this study
showed that the distribution of ecosystem services varied even in the same forest areas, mainly due to the local topography, climate, and land cover.
This research, thus, underlines the importance of identifying ecosystem service hot spots to effectively manage natural resources.
In addition, the highest priority areas that provide the two hydrological ecosystem services of concern in this study, such as Mt. Phu Luong and Hoang Lien National Park, are also areas of high biodiversity that possess primary forests and nature reserves. As well, Mt. Fansipan is one of the most famous eco-tourism spots in Vietnam.
Therefore, other ecosystem services stated in the PFES law need to be assessed in order to estimate priority zones for the implementation of the PFES policy as a whole.
